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Abstract 
For the study of reinforced concrete beam stress performance under ultra-low temperature, based on the material 
constitutive and mechanism at ultra-low temperature, Using DIANA software environment, the numerical 
simulations is implemented, component test is expanded. The relationship is analysis between different temperatures. 
The results show that the reinforced concrete beam bearing capacity and stiffness are increased with lower 
temperature. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction
Land and other resources are becoming more limited on earth. In order to seek for more living space,
people have to explore into the blue water, the polar region and the outer space[1]. As a matter of fact, the 
environmental temperatures in both the polar region and the outer space are very low. The lowest 
temperature is -53.4℃ in the northeast of China, and the lowest temperatures are -68.2℃[2] and -183℃[3] 
in the Antarctica and in the moon respectively. Moreover, the working temperature of concrete structures 
for liquid storage tanks is -180℃[4]. It is important to study the reinforced concrete structures under low 
temperature. Finite element analysis can eliminate the uncertainty factors of experimental research, which 
is beneficial to the further research analysis of test results, and it is beneficial to spread thorough research 
on mechanism of reinforced concrete beam at ultra-low temperature, It lay the foundation for the beams 
calculation of the bearing capacity and deformation performance under ultra-low temperature(ULT). 
1.1. The constitutive model 
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In Fig.1, the model is to describe the steel stress-strain relationship at low temperature[4]. Among 
them, the fyt and the fut are determined by (1) and (2), εht is determined by the (3), Est= Es；εut= εu[5].  
αyt =e-0.002(T- T0)       (0≥T ≥-180 )℃                                                                                  (1) 
αut= e-0.0014(T- T0)       (0≥T ≥-180℃)                                                                               (2) 
αεht=e-0.0024(T- T0)       (0≥T ≥-180 )℃                                                                                (3) 
Among them, αyt and αut are the reinforced yield strength relative value and ultimate strength relative 
value at low temperature, αyt= fyt/fy ，αut= fut/fu, fyt and fut are the reinforced yield strength and ultimate 
strength at low temperature. fy and fu are the reinforced yield strength and ultimate strength at room 
temperature. αεht is the reinforced aggrandizement strain relative value at low temperature, αεht=εht/εh, εht is 
steel reinforcement strain at low temperature, εh is steel reinforcement strain at room temperature. 
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Fig. 1. The reinforced constitutive model of uniaxial tensile ordinary at low temperature 
2. The concrete compression constitutive model 
2.1. Concrete compression constitutive model at 20℃≥T≥-40℃ 
When the compressive strength of concrete cube is below 50MPa, the suggest model of our country 
"the design specification for concrete structures" (GB50010-2002) is used for the concrete equivalent 
uniaxial stress-strain relationship at 20℃≥T≥-40℃. It shows as the following equation and the Fig.2. 
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Among them, c0 f=σ is the concrete compressive strength; 0  is the peak stress strain and 
;
ε
0 0.002ε = cuε is limit strain and , is the concrete elastic modulus. cu 0.0033ε = cE
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Fig. 2. The compression constitutive model at 20 ≥T≥℃ -40℃ 
2.2. Concrete compression constitutive model at -40 ℃≥ T ≥ -120 ℃  and Concrete compression 
constitutive model at -120℃＞T 
According to the concrete stress-strain relationship and the results, the suggest model of our country 
"the design specification for concrete structures" (GB50010-2002) is used for the concrete equivalent 
uniaxial stress-strain relationship at -40℃≥T≥-120℃. The result is similar with the Fig.2. But when the 
compressive strength of concrete cube is below 50MPa, 0 ct1.65 /t ctf Eε = ,  is depredated to 
from 0.0033 with linear temperature[6].  
cutε
0tε
According to the concrete stress-strain relationship and the results, the concrete equivalent uniaxial 
stress-strain relationship model is got by (4) and the Fig. 3.  
c ctEσ = cε
E
                                                                                                            (4) 
Among them, ct ct cE β= is concrete elastic modulus at low temperature, cE is concrete elastic 
modulus at room temperature, is concrete elastic modulus relative value[7]. ( 00.0036ct
T Teβ − −= )
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Fig. 3. The compression constitutive model at-40 ≥T≥℃ -120℃ 
3. Author artwork 
Finite element analysis is a single object for the 150mm x 300mm section of reinforced concrete beam, 
three locations loading, because of symmetry, the half of a beam is calculated. The changing parameters 
including: temperature and reinforcement ratio. As Fig.4 shows, specimen section height and width are 
300mm and 150mm. Beam length is 2.6 m, all spans are 2.4 m, depth-span ratio is 1:9.6. The diameter of 
two root longitudinal reinforcement is 12mm at beam top; the different diameter is chose by the tensile 
longitudinal reinforcement ratio at bridge bottom. The beam bending section stirrup is 8@200, the beam 
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shear section stirrup is 8@100. The Specimen and its numbers are displayed by the table 1. The seven 
specimens are designed, for each specimens, the bearing performance simulation is studied respectively 
by six different temperature points, like SL1-1/2/3/4/5/6 is corresponding to 20℃、-40℃、-80℃、-120
℃、-160℃、-180℃, Other is similar. 
 
Fig. 4. Finite element analysis specimen size and reinforcement design 
Table 1. Reinforced Concrete  Beam  Parameter  Analysis  and Numerical Simulation Project 
variables 
Numbers 
The compressive strength of 
concrete prism body 
（N/mm2） 
Reinforced 
level 
Longitudinal 
reinforcement
Reinforcement 
 ratio（%） 
Longitudinal 
reinforcement 
area（mm2） 
SL1-
1/2/3/4/5/6 26.8 HRB335 2 16 1 402 
SL4-
1/2/3/4/5/6 26.8 HRB335 2 12 0.56 226 
SL5-
1/2/3/4/5/6 26.8 HRB335 2 14 0.77 308 
SL6-
1/2/3/4/5/6 26.8 HRB335 2 18 1.28 509 
SL7-
1/2/3/4/5/6 26.8 HRB335 2 20 1.58 628 
SL8-
1/2/3/4/5/6 26.8 HRB335 2 22 1.92 760 
Reinforcement 
ratio 
SL9-
1/2/3/4/5/6 26.8 HRB335 2 25 2.49 982 
 
Fig.5 is load deflection relation curve for different kinds reinforcement amount of beam at each 
temperature point, At the same temperature, with rising of tensile longitudinal reinforcement amount, the 
change of beam crack load is little, but yield load and limit load is increased. The stiffness variation is 
small before cracking; stiffness is increased with the improvement of reinforcement ratio after cracking. 
The all destruction features are top concrete beam crushed with different kinds of reinforcement amount 
under different temperature. 
At the same temperature, as tensile longitudinal reinforcement amount rise, beam crack load change is 
little, The reasons is that the crack load is determined by the strength of concrete, and the concrete 
strength  is identical with different beam amount. Beam of the yield of load and limit load increases, it is 
mainly because the yield load and limit load is increased with improvement of tensile longitudinal 
reinforcement dosage with the same concrete strength. Beam crack stiffness variation is little; the stiffness 
is increased with improvement of reinforcement ratio after cracking, it is mainly because the beam 
bending stiffness is determined by concrete elastic modulus before cracking. The concrete is same, which 
the beam used with three different tensile strength of longitudinal reinforcement. The concrete which is in 
cracking situation is not useful after cracking; the reinforced stress is increased rapidly. The tensile stress 
is transferred to the concrete which is not cracking by the cohesion. Therefore, the beam bending stiffness 
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is increased with the improvement of reinforcement ratio.  
 
Fig. 5. The beam deflection relation curves of different reinforcement 
4. Conclusion 
Numerical simulation was conducted based on the tests using the finite element software DIANA to 
study the mechanical behavior of reinforced concrete beams under low temperature. Following conclusions 
were derived by the numerical simulations. (1) At the same temperature, the cracking load and the stiffness 
approximately stay the same, but the yield load and the ultimate load may increase with the increase of 
strength grade of longitudinal reinforcement in tension. (2) At the same temperature, the cracking load and 
the stiffness before cracking approximately stay the same, but the stiffness after cracking, the yield load 
and the ultimate load may increase with the increase of quantity of longitudinal reinforcement. (3) The 
ultimate load may increase linearly, and ultimate deflection may decrease linearly with the decrease of 
temperature. (4) With the decrease of temperature, the increasing of the ultimate load with the increase of 
reinforcement ratio is speed up and the ultimate deflection changes little with decrease of the reinforcement 
ratio. 
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